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Figure S1. Photographs of (a) the CoC2O4·2H2O precursor and (b) a Co3O4-400 sample.

Figure S2. XRD pattern of the CoC2O4·2H2O precursor. 
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Figure S3. (a) Low-magnification and (b) high-magnification SEM images of the 

CoC2O4·2H2O precursor. 

Figure S4. A high-magnification SEM image of Co3O4-400. 
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Figure S5. (a-c) TEM images of Co3O4-400 with different magnifications.

Table S1. The O1, O2, and O3 contents of the different Co3O4 samples from XPS 

analysis.

 

O1 (at%) O2 (at%) O3 (at%)

Co3O4-400 41.77 45.15 13.08

Co3O4-800 57.48 33.02 9.50
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Figure S6. Full discharge/charge profiles of Na-CO2 batteries with Co3O4-400, Co3O4-

800, and KB cathodes tested at 100 mA g-1 within the voltage range of 2.0 to 4.8 V.
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Figure S7. Full discharge/charge profiles of Na-CO2 batteries with Co3O4-400, Co3O4-

800, and KB cathodes tested at 200 mA g-1 within the voltage range of 2.0 to 4.8 V.

Figure S8. The terminal discharging and charging voltage profiles of Na-CO2 batteries 

with Co3O4-400, Co3O4-800, and KB cathodes at the current density of 100 mA g-1.
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Table S2. Full discharge-charge and cycle performance of different materials for nonaqueous rechargeable Na-CO2 batteries.

Full discharge-charge Cycle performance

Cathode

Current 

density 

(mA g-1)

Discharge

Capacity 

(mAh g-1)

Overp-

otential

(V) *

Current 

density 

(mA g-1)

Cut-off

Capacity (mAh g-1)

Terminal voltage gap 

of the 1st cycle (V) *

Terminal voltage gap 

of the last cycle (V) *

Cycle 

performance
Ref.

50 8371.3 1.53

100 6237.4 1.53
Co3O4 with 

oxygen-vacancy
200 4136.8 1.88

100 500 1.55 2.31 87
This 

work

Ru/CNT 100 20 277 ~ 1.70 100 500 ~ 1.20 ~ 1.85 100 1

ZnCo2O4@CNT 100 12 475 ~ 1.65 100 500 ~ 2.10 ~ 2.50 150 2

Ru@KB 100 11537 ~ 2.00 200 1000 ~ 1.50 ~ 2.00 130 3

Co2MnOx 200 8848 ~ 1.90 N/A 500 ~ 1.95 ~ 2.00 75 4

Na2CO3 and CNTs N/A N/A N/A
0.05 

mA cm-2
0.3 mAh cm-2 ~ 1.60 ~ 2.00 100 5

t-MWCNT 1000 60 000 ~ 2.00 1000 1000 0.60 1.30 200 6

MoS2/SnS2 50 35 889 N/A 50 500 ~ 1.95 ~ 1.60 100 7

γ-MnO2 100 7286 ~ 1.60 100 1000 ~ 1.40 ~ 1.50 50 8
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RuO2 nanoparticles 

encapsulated in 

carbon paper

0.1 

mA cm-2

2.788 

mAh cm-2
~ 1.80

0.1 

mA cm-2
0.1 mAh cm-2 ~ 1.80 ~ 2.30 > 350 9

RuO2@a-

MWCNTs
N/A N/A N/A 100 500 ~ 1.60 ~ 2.00 ~120 10

Cobalt-decorated 

carbon nanofibers
100 5714.3 N/A 100 200 ~ 2.00 N/A 128 11

*These values were obtained by directly reading the data from the discharge-recharge curves in the paper.
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Figure S9. XRD patterns of the Co3O4-400 cathode in different states.

Figure S10. Low-magnification SEM images of the Co3O4-400 cathode surface: (a) 

before cycling, (b) after the first discharge, and (c) after the first recharge.
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Figure S11. Configurations of CO2 gas adsorption sites and Na2CO3 formation sites on the Co3O4 (0 0 1) surface (Co3O4: red: Co, light purple: O. 

CO2 and Na2CO3: light blue: C, pink: O, green: Na).
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Figure S12. Configurations of CO2 gas adsorption sites and Na2CO3 formation sites on the Co3O4 (0 0 1) surface with oxygen vacancies (Co3O4: 

red: Co, light purple: O. CO2 and Na2CO3: light blue: C, pink: O, green: Na).
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Figure S13. Configurations of CO2 gas adsorption sites and Na2CO3 formation sites on the Co3O4 (0 0 1) surface with oxygen vacancies (Co3O4: 

red: Co, light purple: O. CO2 and Na2CO3: light blue: C, pink: O, green: Na).
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Table S3. The adsorption energy of CO2 and sodium carbonate on Co3O4 (0 0 1) and 

Co3O4 (0 0 1) with oxygen vacancies. (Unit: eV)

Structures Co3O4 Co3O4 (0 0 1) VO-1 Co3O4 (0 0 1) VO-2

CO2 -0.883 -1.096 -0.982

2CO2 -1.694 -1.932 -1.833

3CO2 -2.407 -2.543 -2.472

3CO2 + 2Na -2.904 -3.001 -2.956

3CO2 + 4Na -2.245 -2.434 -2.349

2Na2CO3 + C -1.410 -1.865 -1.736
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